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In accordance with your authorization, NMG Geotechnical, Inc. (NMG) has performed a 
geottchnical review of the revised Tentative Tract 16466 Map for the Baker Ranch property 
located in northwestern Lake Forest, California (Figure 1). The site is approximately 387 acres in 
size and is located west of Bake P h y  and south of SR 24 1 .  The site is currently acc& 
from C a m r n m ~  Drive via Bake Parkway. 

The primary purpose of NMG's work was --fold: 

1. Compile and conso tidate pertinent geotechnical data from muhiple past and c m t  sources 
to te used as the basis for evaluating ?he p l d  development and for use in future phases of 
the project, 

2. Review the most current tentative tract map in light of the compiled data t~ update 
geotechnical analyses of remedial measures and recommendations for grading and 
construction, 

3. Prepare a c m n t  report suitable for tentative tract use a d  for submimil to the City of Lake 
Forest. 

Because the prior geotwhnical consultant for Baker Ranch, Pacific Soil Engineering, is no 
longer involved h the project, NMG's role included reviewing their data as well as consulting 
with former staff to provide some continuity with mow recent work such as that misted with 
the extension of Alton Parkway (where NMG is serving as a second reviewer for the entire 
project). 

The revised tentative tract map, prepared by flumaker and Asmiates and received by NMG on 
February 16,201 1, was twriewed in light of the geotachnical conditions at the site. In this repwt 
we have included the prior geotechnical information, including boring and trench logs, CFT 
soundings and labratory testing. New work by NMG included: 

Providing updated seismic data and seismic design parameters, 
Evaluation of recent geologic conditions e x p o d  during grading for Alton Parkway, 
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Preliminary analysis of the slope and stonn drain system dong the active Bomgo Wash, and, 
Updating remedial grading and other design parameters. 

This report presents our updated fmdings, conclusions, and recommendations for the proposed 
grading and development. 

Based on our study, the proposed grading is consided geotechniwlly feasibly, pmvided the 
recommendations of this report are implemented during daign, grading, and construction. 
Additional geotecMcaI services, including supplemental exploration and testing, will be 
necessary when the 40-scale grading plans are p q m d .  Primary areas that we recommend be 
further evaluated at that time inct ude: 

I .  Settlement potentials due to deeper fills, 

2. Three areas at the project perimeter identified by a prior consultant as "restricted use" areas 
due to partial remedial removals, 

3. Measures needed to proply tie the ptoject into on-going grading of Alton Parkway, and 
4. Liquefaction potential along Borrego Wash. 

If you have any questions regarding this report, please contact our office. We appreciate the 
opportunity to provide our services. 

Respectfully submitted, 

William Goahan, CEG 1577 
Pcincipal Geologist 

Ted Miyake, RCE 44864 
Principal Engineer 

Distribution: (1) Addressee 
( 1) Mr. Ed Mandich, Hunsaker and Associates 
(5 )  Ms. Crvrie Tai, City of Lake Forest (iicluding one copy on CD) 
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1 .O INTRODUCTION 

NMG Geotechnical, Inc. (NMG) has reviewed the revised tentative tract plan for the proposed 
Baker h c b  Property, Tentative Tract Map 16466, in the City of Lake Forest, California. A 
previous tentative tract plan was reviewed by Pacific Soils Engineering, Inc (PSE, 2002). The 
purpose of this study was to evaluate the revised planned grading in light of the geotechnical 
conditions at the site in order to provide updated remedial recommendations for rough grading 
for the future residential and commercial development. The new tentative tract plan, prepared by 
Hunsaker & Associates, received by NklG on February 16,20 1 I was reviewed for this study and 
was used as the base map for the 1 00-scale GeotechnicaI Map in this report (Plates 1 and 2). 

1.2 Scope ofwork 

The scope of work for this study included the following tasks: 

Background Resmmh: Review of available geotechnical reports and maps and compilation 
of data onto the revised tentative tract grading plan. Review of stereoscopic aerial 
photographs dating back to the 1950s was also performed. R e f e m  and aerial photos 
reviewed are listed in Appendix A. 

Site Reconnaissance: Site reconnaissance to review the existing geokchnical conditions and 
the conditions of the recent p d i i  around the site. 

Plan Rwiew and Geotechnical AnaIysir: Compilation of data from the prior investigations 
at md adjacent to the site, with new data related to the investigation and grading of Alton 
Parkway. Geologic cross-ations were prepared based on the compiled data and the updated 
grading profiles. This data is presented on the Geotechnicsl Map (PIatcs 1 and 2) and Cross- 
Sections A-A', B-B' and C-C' (Plate 3). The new tentative tract map was reviewed in fight of 
the collected data. Analysis was performed to provide updated discussions regarding 
remedial grading measures including slope stabilization and a discussion of m e d i a l  
~rnovals. Geotwhnical analysis also included a preliminary review of liquefaction, 
settlement evaluation, slope stability, and a preliminary estimation of earthwork shrinkage 
d bulking. 

Report Prepamtion: Prepamtion of this geotechnical report with the accompanying 
illustrations and appendices. This report summmkes ow updated findings, conclusions, and 
recommendations for the planned gradmg and provides preliminary design information for 
the fitture site development. 

1.3 Site Locatlon and Conditions 

The approximately 3 87 f acre site is Icicated in the city of Lake Forest, adjacent to the former El 
Toro Marine Base and southwest of the Foothill Transportation Corridor (Figure 1). Terrtative 
Tract 16466 encompasses the majority of a parcel known as Baker Ranch and a small partion of 
FoathiIl Ranch (PA 16). The Pacific Commctcentre development forms the majority of the 
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subject site's southern boundary with Bake Parkway and Commntre Dtive. A small 
mmtional vehicle storage lot is also located along a portion of this southern boundary. A 
portion of Tentative Tract Map 15753 defines the eastern project boundary along with an 
existing Los Aliso Water District tank site, This portion of Tentative Tmct 15753 has been 
m t I y  developed. Foothill Ranch property, specifically Planning Area 15: is I d  along the 
project's northern and nodwastern boundary along with the Foothill Transportation Corridor 
WC). The entire western boundary to the proprty is occupied by former El Toro Marine Base. 

The site is acasible  tbugh  the p m a t  terminus of Comrwntm and Barn Bay drives, the 
future intemction of D i i o n  Drive and Alton Parkway, or via m t l y  graded dirt roads off 
of Bake a d  Alton Parkways. Within Tentative Tract 1M66, paved and unpaved roads associated 
with the site's past d current agricultural use and previous gmding, provide access onsite. 

The project is within the foothills of the Santa Ana Mountains. It consists of moderately to gently 
sloping hillside terrain, with the gently sloping Borrego Wash and elevated w e  plain along 
the northwest edge of the site. Generally, the hillside slopes range from 4H: 1V to as steep as 
1.5B: 1V within and adjacent to the proposed development area. The tohI topographic relief 
within the project site is nearly 290 feet, ranging &om a high ekvation of 860 feet in the 
north.asmn portion of the site to a low elevation of 570 feet in the southwestern portion of the 
site. 

There arc many m a n - d a  features within the site, the majority of which are m i a t c d  with past 
citrus farming opetations and c m a t  nursery activities. These features include two m c h  houses, 
greenhouses, a maintenance yard, and the nursery operations ofice. There is an extensive dirt 
road network throughout the site and some outlet electric lines. The c m t  nursery operation is 
located on the B m g o  terrace on the site's northwestern bundary. Irrigation systems inc1udii  
pumps, lines, and windmills are present throughout the parcel. Numerous fences and gates 
d i d  the parcel. We lmderstand that the present nursery activities will continue until 
development commences. 

Two Los A l i i  Water M c t  above-ground reservoir tanks are present adjacent to the 
northeastem boundaiy of the site and associated water lines cross the parcel. A storm drain was 
M l e d  within a previously proposed alignment of Dimension Drive. The currently proposed 
alignment of Dimension Drive is significantly different from the previous al iment ,  

Natural vegetation across the site consists of c-1 gmse.s, inkpent ortk trees md scrub 
brush. The eucalyptus are the dominate trim at the site. 

1.4 Sib Historical Cond ttlons 

Himtical stemgraphic aerial photographs dating from 1952 through 2009 were reviewed to 
determine past uses and conditions at the site. The following arc the major highlights of this 
aerial photographic review b a d  upon the photographs referenced in appendix A. 

Up to 1952, the site appears relatively untouched by human activities except for a few minor 
dirt d s  that cross the site. The Borngo Wash's active channel consists of a braided stream 
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that randomly wanders across the flood plain. The hills are covered with grasses, light brush 
and a few trees. The site remains in a similar wndition throughout the 1950s. Sometime 
around 1959, the northern border of the site was d e h d  by an excavation that may have 
been for a fence line or may have k n  for a waterline or ottter utiIity. 

By 1965, the northwestern portion of the site was being p~~ for a citrus orchard. These 
activities consisted of grading the active channel of the Borrego to match the =st of the flood 
plain. To do this, a narrow and straight channel was excavated along tfie northwestern 
boundary with the El Tom bkine h. A row of eucalyptus trees was also planted along 
this boundary on the northwestem side of the channel. The property line to the north of the 
site was also defined by an excavation that may have k e n  a channel to wntrol water runoff 
from adjacent pmpmies. In 1965 the citrus trees w m  newly planted. The disarrbbd area was 
limited primarily to the Borrego flood plain. 

Sometime between 1965 and 1967, two houses were constructed within the site on knolls 
adjacent to the plain. The citrus orchards had expanded to fit1 in most of the canyon areas and 
the Bomgo Plain. They ap+ to lx large enough to produce fruit. The recently excavated 
channel along the northwestern property line a& to be the same as in 1 965. 

Throughout the 1970s, lbe citrus orchards appeared to be in full operation with little or no 
changes. The two farm houses had a few additional features, such as trees and sheds. The 
various windrows of eucalyptus a s  had matured to form wind blocks. The active channel 
along the northwestern property and the parallel row of trees remained consistent with no 
apparent erosion. 

In 1980, one of the two lRWD reservoirs (steel water tanks) was constructed in the 
northeastern comer of the site. A house had been near this offsite m a  since the late 1960s. 
Up until I988 the condition of the remainder of the site remained relatively unchanged. The 
orchard appeolred to be active and well maintained, and the active Borrego channel was still 
along h e  northwestern border. In 1988, a second IRWD above-ground reservoir was 
c o m c t e d  adjacent to the first one. In the southeastern comer of the site there a p p d  to 
be a series of terraces where light crops were being cultivated. There was also a square 
building or shed in this a m ,  

me 1990s brought significant changes to the en ti^ Lake Forest and Foothill Ranch area to 
the north. By 1992, Bake Parkway and the area on the southeast brder had been graded. 
Foothi11 Ranch to the north of the future toll road had been mostly graded and some homes 
were built and occupied. Most of Baker k h  was occupied by the same orchard opemtion 
and the Borrego channel was still a narrow ditch along the noahwestern boundary with a row 
of parallel eucalyptus trees. The toll road to the north M e d  construction in, or prior to, 1992 
ad, by early 1993, was mostly graded, although not cuqleted. Approxjmately half of the 
homes in Foothill Ranch had been constructed and the commerchl and residential projects 
immediately north of ?he toll road were being graded. Grading of h e  toll mad crated a 
channel beneath the m d  that collected the u p a m  waters and funneled them to the 
norhestern comer of the property. A trapezoidal debris basin, which was present in early 
1992 in this a m ,  was gone in 1 9 3 .  In early 1893 the active Rumgo channel appears to have 
been widened by erosian, including the loss of many eucalypbs trees. A plume of new sand 
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can be observed to have been recently deposited just beyond the property line in the 
southwest corner. 

Throughout the 1990s the development of Foothill Ranch properties to the north and Lake 
Forest properties to the east and southestst continued. The citrus orchard operation also 
continued during this time period until approximately 1997, when the trees were removed in 
the Borrego Plain and this area was converted to a nursery operation. A compost operation 
was also initiated at the southwest corner of the property. The Borrego channel continued to 
widen throughout the 1980s. By 1993, most of the eucalyptus trees along the southwestern 
brder were no longer in place due to bank erosion, and erosion of the channel wall increased 
towards tke southeast. 

From 2000 to present, the most significant change to the property was grading in the eastern 
portion within former nmed  Parcels 1 and 2. In addition a formerly planned alignment of 
Dimension h i v e  was also graded and a storm drain installed. However, no other structures 
were conmctd after the grading was completed. The nwsery operation has continued till 
the present day, but the mhards have k e n  removed and the cornposting operation has also 
been abandoned. The active Borrego channel is now up to 30 feet in depth, below the plain, 
and has widened from less than 20 feet wide ( 1959 to 1992) to greater than 125 feet wide 
after the winter s tom this ywr (20 1 1). 

1.5 Previous Geotechnical Investigations and Grading 

NMG understands that the project site has k e n  the subject of various gsotechnicd studies, and 
construction activities that were monitored by many different geotechnical consultants. 
Appendix A includes references that humented these past construction activities and the 
geowhnical investigations. However, NMG has not obtained or h n  provided with many of 
these reports. The following is NMG's current understanding of this geotechnical and g m b g  
history. 

In 2010, Hushmand and Associates (HA) conducted a geotechnical investigation of the 
proposed alignment of Alton Parkway through the Baker Ranch property. Ln late 2010 
grading kgan on this roadway and is currently ongoing. Grading is proposed to include 
r e d i a I  removaIs, subdrain installation, stabilization of perimeter slopes, and construction 
of several utilities within the roadway alignment, NA is the consultant of record for this 
grading from the City of Lake Forest and NMG is providing a second-party review of the 
grading operations. Grading aspects of the roadway are anticipated to be completed in 20 I 1 .  
Four brings were recently completed as part of rough grading of the road. The location and 
geologic information related to these excavations are shown on the geologic map and cross- 
sections (Plates 1 through 3); however the bring logs are not included in the appendices. 

KleinfeIder (2009) conducted a geotechnical review of the portion of Alton Parkway that 
extends from Commercentre Drive to the southwest of Baker Ranch. The grading of this 
portion of the roadway aIso commenced in late 2010 with Kleinfelder as the consultant of 
record. This grading and utility construction project is anticipated to be completed in early 
2012. This project includes construction of h e  intersection of Commercentre and AIton 
Parkway which is within the Baker Ranch property boundary. 
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Baker Ranch was the subjed of a preliminztry geokhnical investigation and tentative tract 
map review by PSE (2002) addressing a prior development plan. That study forms the 
primary database for ?his study. Site-specific bring and trench Iogs, and laboratory testing 
results conduad for thst study are included in Appendices B and C of this reprt. The PSE 
(2002) study used information gleaned h m  many previous PSE reports. Boring and trench 
logs and laboratory test results from those studies are also included in the appendias. Boring 
and trench logs and labratory tests results are separated in the appendices k d  upon the 
date that they were performed Prior to PSE's 2002 stlrdy, several other geotechnicd 
investigations and grading operations have been conducted onsite and on surrounding 
properkies. 

In ZOO1 a portion of the sik (referred to as Phases 1 and 2 by PSE), along the southern and 
eastern perimeter and extending into the interior, was mu@ graded under the geotechnical 
observation and ~ i n g  of PSE (200 la and 2001 b). The grading resulted in large supwpads, 
but no structures were cunstructed except a storm drain that was installed in a previousiy 
proposed alignment of Dimension Drive. 

PSE was the geutechnical consultant during three different grading operations that have k e n  
conducted adjacent to the subject site's northeast b u n d a q  on Foothill Ranch Property. The 
grading associated with Planning Area 15 of Foothill Ranch was reported in PSE (1994). The 
grading associated with Planning Area 16 of Foothill Ranch (PSE, I998a) is now a podiaion of 
the subject tentative tract. The grading of the extension of Alton Parkway and Town Center 
Drive into Baker Ranch was also completed in 1998 (PSE, 1998b). Limits of engineered fill 
and buried geologic contacts shown on the accompanying f late$ I and 2 are based on data 
presented in the referenced PSE (2002) report. 

According to PSE (20021, Harrington Geotechnid Engineering, Inc. conducted geotecknicaI 
studies assmiated with the development of the easterly adjacent tentative tract map. The 
grading of Tract 15753 was completed under the obsrvation and testing of Harrington 
Geokhnical Engineering. Inc. 

Portions of Baker Ranch were developed for a temporary recreational vehicle storage facility. 
Stoney-Miller Consulmts (SMC) was the geotechnical consultant for that work which was 
completed in several phases. 

Engineeted fill associated with the neighboring Pacific Comercentre Project was placed 
onsite under the observation of Stoney-Miller Consultants, Inc., with second party 
observations by PSE. 

There are three areas shown on PSE's 2002 plans that were designated for restricted use 
because it was reported that remedial removals of unsuitable materials wuld not be 
performed to comptent materials in these areas. In general the removals were reported to be 
restricted due to developments immediately adjacent to the site. According to PSE (2002) 
therefore, there is  a potential for significant settlement and or collapse within these zones. 
Actual limits and depths of unsuitable mawrial were not presented in the PSE (2002) report. 

In addition to the above private investigations, there are also several published geologic 
reports and maps by the State that were reviewed for this study (Appendix A). 
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1.6 Proposed Development 

The proposed development consists of 652 single-family and multi-family residential lob, one 
retail lot, 13 private parks, and 106 lettered lots, which will be used for open space, trails, water- 
quality control basins andor flood control. The main access for the development will be from 
future Alton Parkway (cumtly under construction) and existing Bake Parkway. Other access 
roads indude Rancho Parkway which will be extended from its present terminus to connect with 
Town Center. Existing Baffrn Bay Drive and Dimension Drive will dsa be extended to service 
the interior of the project, 

The proposed preliminary grading wi I1 involve design cuts of up to approximately 8S+ feet deep 
and fills up to 65+ feet thick. Design cut and fill slopes are shown along the perimeter of the site 
and within the interior of the hillside development; design cut slopes are up to approximately 35 
feet bigh and design fill s l o p  are up to approximately 58 feet high. A combined slope that 
ascends from the Borrego Wash will uItimately be a fill slope that is up to 55  feet in height and is 
a combination of a lower 3:l and 2:l slope portion, and ao upper 2:l slope pwtion that is 
separated by a minimum 40-foot-wide mid-slope mil. A large storm drain box stmcmre is 
lacated beneath this mid-slope h c h .  It is designed to channel stom water flow out of h e  
current Borrego Wash and allow only low daily flow into the future natural wash area. Specific 
plans for this structure were not available for review at the time of this report. 
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2.0 GEOTECHNlCAL FINDINGS 

2.1 Reglonal Geologic Setting 

The project site is located within the Peninsular Range geomorphic province at h e  southeastern 
margins of the middle to upper Miocene-age Lus Angeles Basin. It lies in the southwestern 
foothills of the Santa h a  Mountains. To the north, this province is bounded by the Whittier- 
Elsinore fault zone (located 8 miles north of the site), and by the Newport-lnglewd fault zone 
to the south (locrtted I3 miles south of the site). 

The site is primarily underlain by bedrock of the Tertiary Capistrano Formation (Oso Member) 
with minor portions in the southwest corner underlain by bedrock of the Monterey Formation. 
Quaternary terrace deposits cap the lower lying ridges and Quaternary alluvium and colluvium 
have in-filled the ancient channels. Existing engineered fill and undocumented fill are present 
throughout the site. These earth units are depicted on the accompanying geotechnical maps 
(Plates 1 and 2). 

Monterey Formation (Map Symbol - Tm): This bedrock material was deposited in a shallow 
marine environment during the Tertiary Period (about 5 to 15 million years ago). It was 
enwuntered in the. far southwestern comer of the project exposed in Boring B-13 and Trench 
T-40. In these excavations, it is described as tan to buff w l o d ,  well bedded sandstone and 
siltstone. The b d m k  is d a r i b e d  as medium dense to dense, and varying from cemented to 
 able. According to PSE's (2002) mapping, the Monterey is in fault contact with the overlying 
Capismno Formation. 

Capistraoo Formation, Oso Member (Map Symbol - Too): This bedrock was also deposited 
in a shallow marine environment during the Tefiiary Period approximately 1.5 to 5 million years 
ago. It underlies nearly the entire site except where a minor portion of the site is underlain by the 
Monterey Formation. In the excavations where it was encountered it is described as a white to 
light grey, sandstone to silty sandstone, dense to very dense, locally fkiable to locally well 
cemented. A few borings encountered mica rich clay, or Bentonitic clay beds, however, it is 
generally described as massive. 

Quaternary Temce Dewits (Map Symbol - Qt): T m c a  deposits are present dong 
intermediate to lower ridges within the western portions of the panel. These deposits represent 
the dissected emnants of the former flood plaidstrmn bed, produced during an earlier stage of 
erosion end deposition. The terrace deposits are typically tadreddish brown, siltylclayey sands 
with occasional pebble and cobble lenses. The material ranges from loose near the surface to 
dense at depth and dry to moist. Much of the terrace deposits were derived from the bedrock 
units in the S a m  Ana Mountains to the northeast. 

AlluviumlColluvfum Undifferentiated (Map Symbol - Qac): Quatemry-age allwiaV 
colluvial deposits are found in the major drainages and low-lying areas within the site. Due to 
similar engineering characteristics and for ease of discussion, alluvium and colluvium were 



undifferentiated by PSE, These sediments originated from the m u d i n g  bedrock and terrace 
deposits units and have been transported by water andlor gravity. Due to the consistent character 
of the bedrock unit, the alluvium/colluvium is fairly uniform and consists of p r l y  gmdcd sand, 
silty sand, and clayey sand. Alluvial deposits within the Borrego flood plain reach depths in 
excess of 70 feet as indicated in thc boring logs (Appendix B). 

Artificial FiII (Map symbl - A h  and M e ) :  Areas of d o c f h e ~ t e d  artificial fill (Afu) occur 
acmss the site, generally associated with past agricultural activities, including deep plow zones, 
access roads, in-filled old drainage channels, and irrigationtwater lines. During development of 
the citrus grove, the active channel of the Bomgo Wash was filled-in and redirected to the 
northwestern boundary. The depth or nature of tht fill i~ this prior channel is uncmah. 
However, in general, these and other fills are likely derived from onsite soils and bedrock 
materials and consist of loosely compacted silty to clayey sands, with varying amounts of debris. 
These fill material were not M e d  nor were unsuitable earth materials below b fills 
documented and are subject to removal. 

As discussed previously, there are several areas of existing engineered compacted fills (Afe) that 
are a result of previous grading at op adjacent to the site. Tkse fills are qortedly primarily 
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derived from onsite native soils andm bedrock. The fill materials are reported b consist of fine 
sandy silt and silty sand, and clayey sands that were compactad to a minimum of 90 percent 
relative compaction. These fills have been in place for approximately 10 years to over 20 years. 
We anticipate that the upper I to 7 feet or more of these existing filb have weathed and or 
dried out and no longer meet the minimum compaction criteria. The locations of these 
engineered fills are based on PSE's (2002) report, which did not indude the elevation or depth of 
removal bottoms prior to fill placement. The maps h r n  geotechnical reprts that may contain 
this infbmtion were unavailable to review at this time. However, tho text portions of these 
reports were available and the reports are 1 isted in Appendix A. 

2.3 Geologic Structure and Faulting 

The general overs11 geologic structure within the site consists of a homoclinal sequence where 
bedding is generally dipping to the southwest. Local variations are apparent h e  to cross bedding 
and paleoerosional surfam. Morton and Miller (1976 and 1981) mapped the contact between 
the Monterey Formation and Capistrano Formation as a fault. PSE's reports indicate that other 
geotechnical consultants have posmlated that the contact is depositional, however appaently the 
contact has not been observed in any excavations. This fauk (if present) is considered to be 
inactive. 

The alluvium and terrace deposits are generally flat lying with a gentle dip toward the southwest 
(down-gradient). 

2.4 Seismicity and Seismic Hazard Zones 

Faulting: The site is not located within a fault-rupture b m d  zone as defined by the Alquist- 
Priola Special Studies Zones Act (CDMG, 1999). There are no known major or active faults 
mapped within the proposed development area, and no evidence of active faulting was o k e d  
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during prior work at the site (Appendix A). Past investigations and geologic mapping during 
rough grading at the site and adjacent areas did not encounter geomorphic expmsions or visible 
lineaments associated with active faulting at the site. Therefore, the pkntial for primary gmund 
rum at the site is  considered slight to nil. 

Using the USGS cornput= program (2002, updated 2008) and the site coordinates of 
33.6743 degrees no& latitude and 1 17.6793 degrees longitude, the closest major active faults to 
the site are the San Joaquin Hills Blind Thntst located 6.5 km southwest of the site, the Newport- 
Inglewd Fault (offshore) located approximately 21.3 km to the southwest of the site and the 
TKhittier-Elsinore Fault located approximately 1 7.6 Ian north of the site. 

Seismic'i: Properties in southern California are subject to seismic hazards of varying degrees 
depending upon h e  proximity, dew of activity, and capability of nearby faults. These hands 
can be primary @em, directly related to the energy release of an earthquake such as surface 
rum and ground shaking) or secondary (i-e., dated to the effect of earthquake energy on the 
physical world which can cause phenomena such as liquefaction and ground lurching). Since 
there are no b o w  major or seismically active faults mappad at the site, t4e potential for 
primary ground nrpture is considered slight to nil. The primary seismic hazard for this site is 
ground shaking due to a htm m u a k t  on one of the major regional active fadts, such as the 
San Joquin Hills Blind Thrust, Newport-Inglewood, Whittier-Elsinore, Sm Andreas, and San 
kcinto faults. 

The seismic design m e t e r s  presented in the recommendations section of this report are hased 
on a e  2010 California Building Cde (CBC), and were obtained for the site utilizing the 
computer programs Seismic H d  Cwves and Uniform H a a d  Response S p u h  version 
5.0.8-1 (USGS, 2007) a d  the 2002 Interactive Damgations (LEGS, 2002 updated 2008). 

The maximum moment magnitude for the Controlling Fault is 6.6 MW, which would be 
generated from the San Joaquin Hills Blind Thrust Fault. 

Secondary Seismic Hazards: Tiwe are seismic W zones within the site based on recent 
mapping of the State (CDMG, 2001) for potential liquefaction (Figure 1). The potential 
liqwfitction hazard is addressed in %tion 2.8. Secondary seismic ham& such as tsunami and 
seiche need not be considered, as the site is 10~1tted away h n  the ocean or coIlfined bodies of 
water. 

2.5 Surface Water and Groundwater 

Surface water flows year round within the northernmost portion of the Borrego Wash. The 
annual flow is from an offsite storm drain that connects to the residential and commercial 
developments to the north of the site. The northern most portion of the active wash is underlain 
by shalhw bedmk. Zn this area water flows at the surface year round. Further downstream the 
wash is  underlain by relatively permeable a1 luvium and the water disappears underground except 
during h e  winter rainy season, 
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Groundwater was observed in many of the boring~ and other excavations. This groundwater is 
klieved to be perched within the alluviaL/colluviaI and weathered bedrock materials above the 
contact with the underlying u n w d r e d  bedrock. Because of the different years and different 
times of year that exploratory excavations were made, the groundwater level below the B-o 
flood p k i  and wash appears to fluctuate. However, analysis of the more recent excavations 
indicatts that the groundwarn bas most likely stabilized and only fluctuates a few feet between 
the summer and winter months. It is NMGts opinion that this relative consistency is b u s e  
there is a constant source of water, via the storm drains, from dtvelqments to the north ofthe 
site. In general, in the area of the flood plain and wash, the hater is anticipated to lx 
within 5 to 10 feet below the level of the active Borrego Wash, with the depth to groundwater 
k r n  ground surface increasing to the southwest. It is anticipated that this groundwater Lvel also 
affects the level of groundwater in the larger side canyons that connect into the Borrego Wash 
and PIain. 

Recent brings related to the propod construction of Ahon Parkway (HAI, 2010, and 
unpublished in-grading brings, 201 1) have indicated groundwater exists near the bmm of the 
alluvia1 deposits within the ancient buried canyon areas away from Bomgo Wash. The 
groundwater condition may also be affected by several subdrains that were installed as part of 
previous grading operations that have not been properly connected to an outlet structure, 

% . *  

2.8 Mass Movements 

There am local small amas of surficial erosion and slope creep in the steeper terrain at the h d s  
of swaks. There are no landslides mapped at the site, and landslides were not encountered during 
previous investigations or grading at tfie site (PSE, 2002). A h ,  based on the seismic h d  
mapping by the State (CDMG, 200 I ) ,  areas of potential seismically induced Iadslides are not 
mapped within the subject si te  (Figure 1). 

2.7 Slope Sherbillty 

Them ate planned cut slopes of up to approximately 35 feet high within the site., and there are fill 
slopes of up to approximate ty 58 feet high. Most of the designed slopes however, are less than 35 
feet in height. The highest slopes a adjacent to future Alton Parkway and are up to 58 feet in 
height. The slopes that ascends up from the active Bomgo Wwh, has a total height of up to 55 
feet, but has a mid-slope bench which is generally over 40 feet in width. Other slopes within the 
development are genmlly less than 30 feet in height. 

For this reporr, we analyzed t h m  general slope cases for slope stability (aH 2: 1 dope ratio): 1) 
the highest cut slope (25 feet) with out-of-slope clay beds dipping 5 to 1 5 degrea, 2) the highest 
cut slop (35 feet) with neutral (flat) M g ,  and 3) the highest fill slope (58 feet). For Case 1 
we assumed a 3-footdq and 1 5-foot-wide stabilization fill key. 

Earth strength parameters for use in the slope stabihty analyses we= derived from data and 
reports by Hushmand (20 10) and PSE (2002). The parameteis along with a description of the 
software used, methodology, md results of our analyses are included in Appendix D. 
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Our analyses show that the planned cut slopes should be grossly stable with factors of &ty of 
1.5 and 1 .1 or greater for static and seismic casts, respectively. 

2.8 Uquefaetton Potential 

Liquefaction is a phenomenon in which earthquake-induced cyclic stxsses generate excess pore 
water pressure in low density (loose), saturated sandy soils and soft silts below the water table. 
This causes a loss of shear skngth and, in many cases, ground setclement. For liquefaction to 
occur, all of the following conditions must be present: 

There must be severe ground shaking, such as a m  *g a strong earthquake. 

The soil materiaI mwt be saturated or nearly saturated (generally belaw the water table). 

The corrected normalkd standard penetration te& (SPT) bbw counts (N1) or the CPT tip 
mistance (Q) must be relatively low. 

Thc soil material must k granular (usually sands or silts) with, at most, only low plasticity. 
Clayey soils and silts of ~Iatively high plasticity and dense sands are generally not subject to 
liquefaction. 

Based on seismic hazard mapping by the State, most of the Bomgo Wash and adjacent flood 
plain is mapped within amas of potential liquefaction (Figure 1). Review of the data gathered 
during previous subsurface investigation indicates that the potential for liquefaction at the site 
may be low to moderate due to the recorded blow counts, depth of the groundwater table, and tk 
alluvial soil composition. Additional exploration, liquefaction evaluation, and lam1 s@ig 
potential is mummended at the 40-sale grading plan review stage. 

2.9 Settlement 

Based upon pwious subsurfaot expIoration, laboratory testing and analysis, and review of prior 
data, the alluvium: wlluvium, undocumented fill, weathered engiaeered fill, weathered terrace 
deposits, and weathered bedrock have low densities. Portions of these near-surface unsuitable 
soils are prone to significant collapse andor consoIidation and have p a r  bearing properties. The 
thickness of this unsuitable soil zone varies from approximately 2 to 40 feet across the site. 
Below these surface materials the un-weathered terrace deposits, badrock, and un-weathad 
engineed fill mateals have favorable proprties with respect to h r h g  capacity and 
d e m e n r  potential. 

Tn many of the amas where unsuitable earth materiah exist, new fill up to 40 fed in depth are 
being proposed. The amount of potential settlement can vary signiftmtly over the site due to 
variations in subsurface conditions and depths of planned cuts and fills. In conducting 
preliminary settlement analyses, we have assumed that medial i l v a l s  will h implemented 
to m v e  the unsuitabk soils to kdmck, terrace deposits, sadlor existing engineered fill, mwpt 
within the Borrego Wash, Bomgo Plain and larger side canyons, where saturated alluvium and 
colluvium is anticipated to be left in place. 
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The total thickness of designed fills and fills as a result of d i a l  removals may locally exceed 
70 feet in depth. In addition, existing fills are locally greater than 50 feet in depth (PSE, 2002). 
Beneath lot 418 the future total fill thickness (existing plus futm) will be greater than 90 feet in 
dqtb. Along the southern perimeter, additional fill is planned that would be placed over existing 
artificial fill that was placed over saturated alluvial deposits. While h existing fill in this area is 
nearly 20 years old, it is anticipated that this additional fill p h e n t  will result in fu&er 
settlement. 

Portions of Alton Parkway will be underlain by alluviumlcollwiurn and up to 50 feet of 
engineered fill. These areas, where potentially compressible mkriah will be left in place, are 
also planned for up to 50 f& of fdl as part of tentative tract gmding. Therefo~, significant 
settlement may occur along the pimeter of the road. The m a 1  for settlement should be 
evaluated once the roadway is gtaded and based on actual conditions. 

From the properties of onsite earth mmrials and the anticipated new fill l d ,  we anticipate that 
maximum total settlements at the site will be on the order of multipk inches over a pmiod of 
25 years, but within typically accepted tolerances for the proposed &velopmtnt, provided some 
time elapses following the completion of p d h g .  Maximum settlement waiting perids whm 
some amount of the primary settlement is allowed to take place are gemraIly expected to be on 
the order of 1 to 6 months or more, depending on the amouat of new fill and the earth materiais 
beneath. 

2.tO Earthwork ShrinkagdBulking and Subsidence 

Tbe loss or gain of volume (shrinkage or bulking, m i v e l y )  of excavated natural materials 
and re-compaction as fill, varies according to earth material type and location. This volume 
change is represented as a percentage shrinkage (volume loss) and as a percentage bulking 
(volume gain) after  compaction of a unit volume of cut in this same material in its natural 
state. The onsite materials will have varying shrinkage or bulking chamteristics. The following 
table presents the projected range of values for each type of material: 

Emlh Unif Approximate Percent Shrinkagcl;BnIkin~ 
Artificial Fill, alIuvium/colhwium 5 to 15 percent s h b h g e  
Terrace Deposits 0 to 5 percent shrinkage 
Bedrock Units 0 to 4 mrcent bullcinn 

Ground subsidence at the site is estimated to be on the order of 0.1 foot across the site. 

There are many agricultural irrigation pipelines that cross the property. There are also several 
existing buried and abve ground utilities that sewice the existing houses at the site. We assume 
that existing septic systems and cesspools may exist n m  the houses and possibly near other 
buildingstsheds onsite. 

NMG 



~002&.01 
March 25,2011 

A 36-inch storm drain and several laterals were i n w e d  as part of a previously anticipated 
alignment of Dimension Drive. The new alignment of Dimension Drive is diRerent than was 
graded in 200 1 PSE, 2Q0 1 b). Therefom, this storm drain which was installed to b i n  dimemion 
Drive will require abandonment (total removal) during future gradirag at the site. 

Numerous other utilities have been installed along the. perimeter of lhe project that will q u i r e  
tie-ins to the proposed project utilities, The tie-in lwations may require geotwhnicd evaluation, 
for trench stability andlor mlemerrt of the utilities, q h l l y  where the utilities are deeper than 
approximately 5 feet Utilities aswciated with prior land use are to be mnoved during grading, 
as discussed in Section 3.2.1. 

2.1 2 Rippabllity and Generation of Oversize Material 

The rippability characteristics of bedrock depend upon the rock type, hardness, the depth of 
weathering, degree of fracturing, and the stmcture of the rock. The deepest cuts within the site 
are on the order of 85 feet, and with remedial grading, cuts may k up to 90 feet deep. 

Borings excavated throughout the site using bucket augers and other forms of drilling were 
excavated to a maximum depth of 80 feet into the bedrock and earth material without refusal. 
The equipment used to excavate these brings typically cannot excavate, without coring, d 
materials that are not rippable. 

Based on prior explorations and grading within the site, the bedrock should be rippable with D-9 
and D-10 bulldozers. Proper equipment selection and sound ripping techniques are important for 
effective earthwork operations. Deeper cuts will encounter local areas of cemented sandstone 
and siltstone which will k the most difficult to excavate and oversize rock will be generated 
(cocks greater than 12 inches in the maximum diameter). NMG anticipates that a moderate 
amount of oversue rock will be generated from localized cemented zones within the bedrock. 
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3.0 CONCLUSION AND PRELIMINARY RECOMMENDATIONS 

3.1 General Conclusion and Recommendation 

Based on our findings, the site is considered geotechnically feasible for the proposed residential 
and retail deveIopment, provided the recommendations of this report are implemented during 
grading and future design and construction. Our recommendations am considered minimum and 
may be superseded by more stringent requirements of others. The grading and construction 
should be performed in accordance with the City of Lake Forest Grading Code and the grading 
specifications provided in Appendix F, except as superseded below. 

3.2 Remedial Grading 

Substantial remedial removals are anticipated to bring the site to structural conditions as shown 
on the tenbtive tract map. Demolition of existing site improvements associated with prior land 
use will h required during remedial grading at the site. These improvements include existing 
utilities, residential structures, onsite sewage disposal structures, abandoned storm drain 
segments, drainage basins, etc. Depths of the demolition and remedial removals are provided 
below. 

3.2.1 Demolition 

Foundations associated with the existing residential structures, drainage devices, 
windmill, nursery buildings, temporary erosion-control devices, etc., shall be demolished 
and removed from the site during remedial grading. Demolition will include removal of 
existing nursery water pipelines, overhead electrical poledines and temporary drainage 
devices. 

Based on our understanding, there are likely old septic system for the residential 
structures at the site. There may be other septic sy stern associated with the other existing 
structures as well. These septic systems are anticipated to be m o v e d  during grading. 

3,2.2 Remedial Removals 

Unsuitable earth materials should be removed prior to placement of proposed fill. 
Unsuitable materials at the site include topsoil, alluvium, colluviurn, undxumented fills, 
weathered enginered f i l l ,  weathered terrace deposits, and weathered bedrock. Estimated 
removal depths vary significant Iy across the site. 

Undocumented fi l Is associated with farming operations, detention/desilting basins, the 
network of unpaved access mads, old drainage channel infill, and existing mnch 
backfills should be removed prior to fill placement. Generally, these artificial fills range 
in depth fiom 3 to I0 feet in thickness. 
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Previously engineered fdls are a minimum of I0 years old and have undergone 
significant erosion and weathering. It is anticipated that the weathering zone within these 
materials is approximately 1 to 7 feet in depth. Tbis zone of weathering must be removed 
prior to fiuther fill placement, andm support of structures. The maps h m  previous 
geotechnical reports, which include previous remedial removal limits and bottom 
elevations, were una~%il&k at this time for review. E E a  should be made during 
geokchnical review of the planned 40-wale ming p h  to obtain this information for 
future use. This will provide potential for a W e r  evduatim of the remedial g d h g  tfiat 
is necessary to p p l y  tie intu the previous construcsion activities. 

Unsahwatd alluvi~colluvial material should be removed prior to fill placement. The 
unsaturated portion of these deposits are anticipated to range 6om several feet to up to 40 
feet in depth across the site. Saturated al~uvidcolluvium (having a minimum 85 percent 
degree of saturation) & p i t s  arc anticipated up to 40 feet in depth. These satmated 
dewsits may Ix left in place, provided the settlement and time delay consequences 
acceptable by the project owner. 

The terrace deposits, which cap the lower to intermediate ridgelines at the site and the 
underlying bedrock deposits are weathered near the surfkce- This weathered zone, which 
is generally less than five feet in depth, requires removal prior to fill placement or if 
exposed at finish grades. 

The ongoing grading of Altan Parkway through the project includes remedial removals 
that impact the proposed mad alignment. These proposed removals are also intended to 
extend into the area of the proposed tentative tract grading such that removal of 
unsuitable material during tentative tract grading can k readily accomplishd. This 
condition should be evaluated at the 40-scale pIan review stage and based on actual 
conditions once the road grading is completed. 

Estimated removals will Ix providd based on a more detailed 40-wle plan review and 
further explorations. Removal bottoms should expose competent material and should be 
evaluated and accepted by the geomhnicaI consultant. The removal bottoms should be 
scarified, moisture-condit imed and recompacted prior to pIacement of compacted fi 1 l 
unless the removal bottom consists of saturated material- W e  m o v a l  bottoms expose 
satumd material, bridging with gravels, sands, or gwfabric may sometimes be 
necessary for workability. These areas will need specific evaluation based on the actual 
wnditions at the time of grading and the planned thickness of overlying fill. 

3.3 Geneml Earthwork and Grading 

Prior to commencement of grading operations, del&ous &a1 (including highly organic 
topsoil, vegetation, trash, unsuitable debris) should k cleared from the site and dkpsed of offsite. 
Numerous irrigation 1 ines are anticipated that cross tke site. These lines sbould be removed and the 
areas should tx properly backfdled if detemhed to be below the m o v a l  bmm. 
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Grading and excavations should be performed in accordance with the City of Lake Fmst 
Grading Code and the General Earthwork and Wing Specifications in Appendix F. Prior to 
placement of fill, removal bottoms should be scarified a minimum of 6 inches, moisture- 
conditioned as needed, rurd compacted to a minimum 90 percent dative compction. Fill material 
should be placed in loose lifts no grater than 8 inches in thickness and compacted prior ta 
placement of the next lift. Ground sloping greater than 5H: 1V should b ptepared by knching into 
firm, comptent material as fill is p l d .  Relative canpadon should be upon ASTM Test 
Method D1557. Moisture content of fi l l  soil & d d  k over mum moisture conterrt. 
Considdon shodd be given to placing fill at higher m a i m  mntmts to facilitate the subme 
p m k h g  under slabssn-gde. 

Native materials chat are relatively free of deleterious material should be suitable for use as 
compacted fill. If import soils are requid in order to achieve design grades, they should be 
eva1uate.d by the gmtwhnical consultant prior to and during -port to the site to verify their 
suitability. Wet soi Is may require drying back prior to placement as fill. 

Removal bottoms, fill keys, stabilization fill keys, myon subdtains, backcuts, backdrains, and 
overexcavation lots should Ix surveyed prior to observation, mapping and acceptance by the 
geottchnical consultant. 

Slope stabilktion measures in the fmn of stabilktion fills are remmmended during grading 
for all cut slopes. Keyway excavations should be mapped and evaluated by the geomhnical 
consultant to verifjl the anticipated geologic conditions. If the conditions am different than 
anticipated, the slope stability analysis should E>e checked and the remedial grading measures 
mdified as necessary. The keys and excavations should be evaluated and accepted by the 
geotechnical consultant prim to placement of the subdram andfor backfill. The keyway 
excavations should be provided with proper suldrainage in accordance with ow standard details 
in Appendix F. 

The majority of the proposed cut slopes for the p m p d  project are less than 30 feet in 
heigh~ These slopes are recommended to be stabilized using a stabilization fill. The key 
for stabilization fills should lx a minimum of 1 5 feet in width and 3 feet in depth. S l o p  
that expose advem bedding, andlor weak clay k d s  may require larger keys for 
stabilization and should be detennined during the $@scale plan review. Backcuts for the 
stabilization fills should be excavated at I .5H: IV or flatter slope ratios depending on k 
height of the slope. 

The reworked onsite soils are anticipated to provide adequate strength for the gross 
stability of the proposed fill slopes of up ta approximately 58 feet in height at 2H: 1V 
inciinations. A b w  fill key should be provided for these s l o p ,  The depth of the key 
should be a minimum of 2 feet into competent earth material, at least 15 feet wide, and 
have a 2 percent tilt back into the slope. 
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Some of the onsite materials that will be used for fill are clean p u l a r  material with 
very little cohesion. It is mmmcnded that the fill materials used for the outer 1 5 feet of 
any fill slope k coIlstructed with earth materiels that have some cohesive characteristics 
to help reduce the ptmtid for erosion during storm events. If cohesive earth m a k d s  
are not available, then finished slops should be protected against erosion by using deeply 
and extensive toofed plants, spray-on pmtective coverings, andlor other spcial protective 
erosion confml masum. 

These fill slopes are anticipated to be stable as designed provided they are c o ~ c t e d  in 
accordance with the details in our General -work and Grading Sptcifications 
(* F). 

Temporary slopes will be created by the backcuts for the recommended stabilization fills 
as well as for remedial removals. Backcuts should be designed with a slope ratio of 
1.5H:lV to 2H:IV and may be up to 50 feet in height. The actual stability of tk backcuts 
will depend on many factors, including exposed earth materials, amount of unloading 
performed prior to backcut excavation, and amount of time the excavation remains 
expod. Proper m e d i a l  measures should be provided to protect the adjacent properties 
in-place. Measu~s to mitigate potential backcut failure may include the following: 

The excavation bottoms should not be left open for long periods of time, the lower 
portions of the keys should be backfilled as soon as practical (i.e., backfilled prior 
to the weekend if possible). 

The backcut and front cut should be carefully excavated at the recommended slope 
angles and "on grade" to reduce oversteepened areas. Cutting areas at steeper angles 
may result in slope f a i l u ~ .  

The backcut and front cut should be "slope-Med" on a routine basis so that the 
geotechnical consultant can map the slope carefully during excavation and help to 
noti@ the project team of critically unstable areas. This will also allow those 
working in the key to obsewo any active failures. 

I f  necessary, the keyways and remedial grading operations may need to be 
constructed in sections (on the order of 100 feet long); shorter sections may be 
necessary if backcut failures occur. 

3.4.3 Natuml Slopes 

An ascending rratural slope area is located in the northeast corner of the projecf 
immediateiy adjacent to Lot 656. This slope is up to 95 feet height with slope ratios 
ranging h m  1.6:l to 3:l. This slope area i s  the head of a natural drainage and is 
txpectd to continue to em& during storm events. Therefore, there is a potentid for 
debris flows or surficial failure. The slope is expected to be grossly stable. However, a 
debris basin with an impact wall should be constructad at the toe of slope. 
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There are several ascending natural slopes located along the western edge of the project 
immediately adjacent to the wat side of Borrego Wash, The slope at the northwest 
corner is up to 90 feet high with slope ratios of 2:l to 3:l. The s lop at the southwest 
corner ranges from 30 to 40 feet high with slope ratios of 3: 1 to 5:I. The slope along the 
majority of Borngo Wash ranges h m  2: 1 to near vertical. This condition is the result of 
active creek erosion. Although these slopes are grossIy stable, erosion will continue to 
contribute sediment to Barrego Wash. 

3.6 RlppabIHty and Placement of Oversize Material 

The bedrock at the site includes portions that are dense cemented sandstone that will be dificult 
to rip, We anticipate that the W w k  will be rippable, though, at times with difficulty (using D-9 
and D- 10 bulldozers) in the planned excavations (design cuts and remedial excavations less than 
90 feet). 

Local excavations within the b h k  cuts will produce oversize rack ( p t e r  than 12 inches in 
s k )  that will require special placement in the fill. Overs& rock may be placed in fills deeper 
than 10 feet, and a mhhum of 2 feet below the deepst utilities within the streets. Placement of 
oversize material should be performed in accordance with our General Earthwork and Grading 
Specifications in Appendix F. G d i n g  operations should be carefully planned so that the fills 
deeper tbau 10 feet can accept oversize rock from the cuts. 

3.6 Lot and Stmet CappinglOverexcavatlon 

The proposed grading is anticipated to expose cut and fill transitions at fmish grade within many 
of the lots. The lots fully or partially exposing bedrock should be ovemcavated to a minimum 
depth of 5 feet and replaced with compacted fill to provide a uniform fill cap over each lot, If 
hard bedrock is  exposed at ovemxcavation grade that cannot be excavated with normal trench'mg 
equipment, additional overexcavation should be considered to two feet below the deepest utility 
line to facilitate futm foundation construction and utility installation. Otherwise larger 
excavatom and rock b&g equipment may be needed to install the utilities. 

Deeper lot ovemxcavatiodcapping (up to 10 fleet) may also lx recommended during grading if 
the earth materials am very different on a lot, such as in amas where highly expansive clay k d s  
are encountered in the sandstone. 

The streets should be overexcavated a minimum of 2 feet below subgmde to provide a uniform 
fill cap. In addition, deeper street overexcavations should be considered ctue to the potential of 
encountering materials that may be difficult to excavate with a backhoe, and the potential for 
unstable sidewalls in the fractured and sometimes poorly cemented bectrock. It is suggested that 
the street areas in shallow filVcut grading sections be overexcavated by 8 feet or to the invert of 
the deepest utiliw line, whichever is greater. The developer should establish the fml 
determination for this requirement. 

During the previously completed grading near Bake the footphts of pmiously 
proposed wmmmial buildings were overexcavated to a depth of 5 feet below ?he prior fmish 
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grades and capped with 5 feet of compacted fill. It is now pmpsed to place fill on the order of 
15 feet above existing grades, In order to prevent the creation of a "bird bath" condition, it k 
recommcndcd that this area be overexc~vated to eliminate this condition. M i l s  for this area 
will b provided at the 40-scale level when building pad locations are defined. 

3.7 Groundwater 

. The groundwater that is anticipatd to exist once the site is gm&d should lx p r h d y  
concentrated in the bottom of m y o n  removals whcre mtuabd alluvizunlcoIluvimn is 
anticipated to be left in place, a d  below the Bomgo Wash and Plain, which is fed by h S I y  flow 
from upstram developments. A h ,  transient groundwater is expected in the fubm to dgratc 
along the 611-bedrock contact. S u b i n s  are planned for the myon bottom and the stabilization 
keys and ba&w to help confro1 groundwater flow. 

During previous and ongoing grading operation for AIton Parkway many subdrains haw 
W w i l l  be installed in the canyon removal bottoms. During grading of Phases 1 and 2 in 200 1 
W E ,  2001 b), several canyon typ subdrains were installed within the canyons located in the 
higher portions of the projeck Some of these suWrains w m  not outlet into into pperment drainage 
structure. At three locations risers we= attached to the lowest end of the subdrain in anticipation 
that these drains would be connected into f h r e  anticipated sukhins. The approximate location 
and elevation of these drains are shown on Plates 1 and 2. The grading for Alton Parkway is 
anticipated to be completed prior to grading the remainder of the site. This Alton Parkway 
grading will also result in several additional suwrains that will need to be extended up and down 
gradient when w m c t i n g  the proposed project. A buttress subdram was also constnrcted in 
200 1 that was anticipated to b tied into a future storm drain that was going to k installed within 
Dimension Drive. The design location of Dimension Drive has since changed significantly, 
therefom this s u h i n  will n d  to be W e r  extended and tied into the storm drain that will be 
constructed in future "B" Street. The specific recommendations for tying into existing and future 
sudmins should be evaluated at the 4 0 - d e  grading plan review stage. 

Canyon-type s u b i n s  (9-cubic-feet-per-foot of gravel with a dinch, Schedule 40, perfbrami 
p i p  wrapped in fiIter fabric) should be placed on the removal bottom of the canyons prior to 
placement of fill and provided with a suitable outlet, Where the canyons are wider, the need for 
additional s u h h h s  should be evaluated by the geotechnical consultant during grading. 

Backdraii (3 cubic feet per foot) should also be provided for the recamended stabilization fills 
at 20-foot-vertical intewals with outlets every 100 feet through the slope face. The details for 
s u h i n s  and hMi are included in our Earthwork and Grading Specifications 
(Appendix F). 

3.9 Llquofactlon Potential 

Liquefaction and other potential p l m d  effscts associated with liquefaction such as settlement and 
laterttl spreading shouId be further evaluared w h  the 40-scale grading plans are prepared. 

NMG 



A d d i t i d  exploration d laboratory testing may be mummended at that time. The area of 
p r h q  interest will be the Bonego Wash. 

Recommended =medial twnovals (Section 3-21 are intended to m v e  the potentially 
collapsible and/or very compressible near-surface unsaturated alluvial material. The mount of 
settlernmt where saturated alluvium will b left in place will depend on the thickness of the 
alluvium and design fills and loading conditions. Along the very southern perimeter of the site 
additional fill is proposed to be placed over existing fill that was placed over left-in-place 
samted alluvium. 

We remmmend that the deeper fill areas (greater than 40 feet) and areas where more than t 0 feet 
of fill will be placed over relatively thick older fill adlor left-in-pke aIluv ium k monitored for 
settlement with a combition of buried settlement plates and surface monuments. The loation 
of these devices should be determined at the 4 0 - d c  grading plan  view stage. Installation of 
the deviws is typically the task of the geotechnical consultaut during and at the completion of 
grading. Surveying of the devices at the time of installat ion and subsequent monitoring should be 
p d o d  by a licensed surveyor. 

Fills deeper d m  approximately 50 f e t  below frnish gmde should be compacted to a minimum 
of 93 percent relative compaction to d u c e  the mat and time related to long-term dement.  

The frequency of settlement monitoring (survey d i n g s )  will depend upon the grading and 
~ o m c t i o n  schedule and o k  factors, such as the timing of residential building and oocupancy. 
Construction of smcturcs should not commence until the gwtechnical consultant has 
determined, from settlement monitoring, that remaining settlements are withia acceptable limits 
for the intended improvements. 

3.1 1 Seismic Oesign Parameters 

The prior reports were prepad before implementation of the 201 0 W i d  Building Code, so the 
seismic design mmmmhtions m@re an update. The seismic design criteria b a d  on the 
201 0 CBC is as follows: 
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Selected SeIsmlc D e n  Parameters Seism'c h i g n  Reference 
from 2010 CBC 

- 

V s l m  
Latitude 33.6743 North 
Lon~itude 1 17.6793 West 
Controlling Seismic Source San Joaquin Hills USGS, 2008 

Specml Acceleration for Short Periods (Ss) 1.405 g USGS, 20 1 0 
S m l  Accelerations for I -Second Periods (S 1 ) 0.501 p; USGS, 20 1 0 
Short-Period Site Coefficient, 0.2 s-period (Fa) 1 .O USGS, 20 10 
Long-Period Site Coefficient, 1.0 s-pried (Fv) 1.5 USGS, 20 1 0 
Five-percent damped Design Spectral Response 
Acceleration at Short Periods ISw) from 0.937 g USGS, 20 1 0 
Equation 1 6-39 (Site Class D) 
Five-Percent Damped Design Spectmi Response 
Acceleration at 1-Sacond Period (SDl) from 0.501 g USGS, 2010 
Equation 1 6-40 (Site Class D) 

3 Lateral Earth Pressures 

Based on laboratory test results and our previous experience on similar projects, we recommend 
the following lateral earth pressures for native soils in drained conditions: 

EqnivaIen t Fluid Pressan (psfi'ft.) 
Conditions Lewd f :l Slope 

Active 40 65 
At-Rest 60 85 
Passive 350 1 30 (sloping down) 

In addition to the above lateral forces due to retained earth, the influence of surcharge due to 
other loads such as adjacent footings, or lateral load acting on screen walls above the retaining 
wall, if any, should be considered during design of retaining walls. 

To design an unrestrstined retaining wall, such as a cantilever wall, the active earth presflue may 
be used. For a restrained retaining wall, such as a basement wall, or at restrained wall corners, 
the at-rest pressure should be wed. Passive pressure is used to compute lama1 soil resistance 
developed against lateral structural movement. Further, for sliding resistance, the fiiction 
coefficient of 0.35 may be used at the concrete and soil interface. In combining the total lateral 
resistance, either the p i v e  pressure or the frictional resistance should be reduced by 
50 percent. In addition, the passive resistance is taken into account only if it is ensured that the 
soii against embedded stru&s will remain intact with time. 
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In a m s  whm remedid removals may not be possible to provide competent conditions under the 
footings, the retaining walls should be placed on a deepened footing that extends down into 
competent native soils. This may be accomplished by either deepening fhe conventional 
cantilever footing or providing the wall with caisson d grade kmm foundation. 

The seismic lateral earth pressure for the IeveI backfill and using a seismic coefficient of 0.15 
may be estimated to be an additional 14 pcf for active and at-rest conditions. The earthquake soil 
pressure has an inverted triangular distribution and is radded to the static presslrres. For the active 
and at-rest conditions, the additional earthquake loading is zera at the base and maximum at the 
top. 

3.13 Structural Se?heks 

The footings of smctms located above descending s l o p  should be set back from the slope 
face in accordance with the minimum requirements of the City of Lake Forest and CBC criteria, 
whichever is greater. The setback distance is measured h m  tfia w i d e  edge of the footing 
bottom along a horizontal line to the face of the slope. For the subject site, the maximum 
descending slope height is approximately 58 fet. 

The table below mmmarizes the minimum setback criteria for s t r u m  above descending 
slopes: 

Structural Setback Requirements for 
Fwtlngs Above Descending Slopes 

S l o p  Height [HI Minimum Setback 
fee0 porn Slope face Ifeer) 

Less than 10 5 

More than 30 !4 H {maximum of 40') 

Topf-slope walls (freestanding) or other structures that are sensitive to lateral movement 
should also comply with these footing setback requiremenl or be provided with other additional 
design measures, 

3.14 Expansion Potential 

7 % ~  expansion potential of site soils is generally anticipated to range from "very Iow" to "low" 
per ASTM Dl829 classification. AIthough some relatively thin clayey siltstone and claystone 
beds could be of very high expansion potential. At the completion of grading operations, soil 
samples should be collected at finish grade and tested for expansion potentials to confirm 
anticipated conditions. 



3.1 6 Concrete In Contact wlth Sol1 

The soluble sulfate content for the onsite alluvial soils is withim the range of "negligible sulfate 
exposure" for concrete as classified in Table 4.3.1 of ACI-3 1 8. Although the ACI does not 
require any spcial concrete design for "negligible sulfate exposure," we recommend that, as a 
minimum, Type I1 cement be used even with negligible sulfate expomre. Moreover, we 
recommend hat additional sulfate testing be performed at the site on soils exposed at the surface 
after @ing is complete. 

3.18 Surface Drainage 

Surface should ix wefully taken into considemtion during all grading, 'landscaping, 
and building construction. Positive surface drainage should be pmv ided to direct surface water 
away from structures and s l o p  and toward the street or suitable drainage devices. Ponding of 
warn adjrtcent to the structures should not be dlowed. Paved areas should be provided with 
adequate drainage devices, gradients, and curbing to reduce mff flowing from paved areas 
onto adjacent unpaved ams. 

The performance of foundations is also dependent upon maintaining adequate swfaoe drainage 
away from stmchms. The minimum gradient within 5 feet of the building will depend upon 
surface l d s q i n g .  In general, we recommend that unpaved lawn and landscap ams have a 
minimum gradient of 2 percent away from structures immediately adjacent to s t r u m  d a 
minimum gradient of 1 pemnt for deviws such as swales to collect this runoff and direct it 
toward the shet or other appropriate collbction points. 

To reduce the emsion and slumping potential of the g d e d  slope$ ail permanent maaufktured 
slopes &Id be protected from erosion by planting with appropriate vegetation or suitable 
erosion protection should be applied as soon as is practical. Proper d r a w  should be designed 
and maintained to collect surface waters end d k c t  hem away from slopes. The maintenance 
program should take into account the granular, more erodible nature of the soils that m likely to 
be present at the slope face at the completion of grading. Consideration should k given to the 
use of sprayan protective products and frequent use of straw waddles or 0th tempmy runoff 
conmi &vim immediately after slopes are constnrcted. In addition, the design and mnstmtioo 
of permanent improvements and landscaping should also provide appropriate mitigation 
measures for sandy soils. A dent-control program should be established and maintained as 
well, to reduce the potential for damage related to bumwing. 

Shoring: Utility excavations should be stabilized per OSHA v h r n e n t s  (shoring or laying 
back of trench walls) for Type B soils and locally for Type C soils h e  to possible adverse 
badding conditions or loose, running sands. 
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Pipe Bedding and Sand Backhll: Pipe should be placed on at least 6 inches of clean sand or 
gravel. The area around the pipe (at Ieast one foot over top of pipe) should be backfilled with 
clean sand, having a minimum sand equivalent (SE) of 30 or h e r .  The sand could be jetted 
with water below the springline to ensure filling of voids beneath the pipe {if allowed by local 
agency). Otherwise, sand along the side of the pipe should be p W  in small lifts and compacted 
with s d I  hand-held compactors (e,g., powder-puffs). Dqmding on the size of the p i p ,  higher 
sand equivalents may be required if jetting is not permind Jeaing should be performed in 
moderation to minimize the amount of water introduced into the surrounding native soils, 

Trench Backfill: BacMlI materials should be m o i s t u r e - ~ ~ ~ o n e d  as needed to within tbe 
compactable range and compacted to a minimum relative compaction of 90 p n x n ~  Some 
oversize cocks may be g d  from the cuttings b m  the trenches, if the streets and lots stre 
not overexcavated. These oversize mks will need to broken down io size or exported from the 
site. It is anticipated that cocks less tban 6 inches in the maximum diameter can be p l d  in h e  
hdd"1l12 fw above the pipe wne and 2 feet below subgrade. 

Removals within the Borrep Wash a d  Plain will encounter significant quantities of sand that 
has a sand equivalent (SE) of 30 or greater, and therefore, may k suitable for structural backfill, 
Because there are occasional silty layers mixed in with the sand, potential source areas should be 
evaluated by the gwlogist/engineer prior to use. 

3.19 Geotechnical Review of Future Plans 

Future grading plans at 40-scde are expected to be produced for the subject site. These plans will 
be utilized for rough grading. When these plans am available, a mow detailed geotcchnical 
evaluation should lx conducted. This additional geotechnical work may include supp1mentary 
subsurface investigations, fieid mapping, and recommendations will be provided that are specific 
to the grading plans. Specific recommendations for design and construction of foundations, walls 
and the proposed storm drain system will also be provided based on 40-scale plans andprecise 
grading plans. A geotechnical report with recommendations for design and construction of these 
structwes will be n c c a s q .  

Specific areas of the site that need to be addmssed with future more detailed grading plans and 
subsequent reviews, include but are not limited to the following: 

Detailed plans for the storm drain box s t r u e ,  slop, and trail areas for the Borrego Wash 
were not available for review. These plans should be reviewed by the geotechnica? consultant 
for analysis of potential: static and dynamic d ~ n t  issues when plans k m m e  available 
and prior to construction. The existing boring and CPT data in this area was limited in the 
depths probed and data gathered and not hsd on ttpe p m p d  design. Therefore, additional 
subsurface data may be necessary to appropriate1y characterize these materials. 

Thm restricted use arcas were defied by PSE (2002) on the perimeter of the site. Each of 
these restricted use arm are q r t e d l y  based on unsaturated alluviaVcolluvia1 debris that 
was left in-place along the prom pimeter and were not able to be removed witbin a 1 : 1 
projection of the proposed project No subsurface information was available to evaluate the 
limits, depth or engineering characteristics of the reportedly unsuitable material. In addition 
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it is possible that the engkerhg characteristics of these materials may have changed in ibc 
past 1 O+ years since the most recent fill was placed. Therefore, it is recommended that k 
a m s  k further investigated using boring andor trenches to verify the subsurface limits and 
n a t m  of the soils and to p v i d e  llpdated geotcchnical rucmmdations. The limits of these 
restricted use areas are also sensitive to the p r o m  g d e s .  Therefore, these limits need 
fmher reKing b a d  on the more detailed 40-scale d i n g  p b  

h is a potential for Img-term d e m e n t  related to p p e d  left in place saturated 
alluvium; deep filL; addiional fill pbemmt over existing m, and additional fill phcement 
over satmmed and partiaUy saturated a1luvium and old fill. Tbis analysis should be jmvided 
cmw additioml data is obtained regarding previous remedid removal botbm, and should 
include recornmendations regarding specific locations of deep and shallow settlements 
monumeats and plates. This analysis should be provided at the 4 h d e  plan review stage. 

Current grading of AIton Parkway will result in special oonditions that require tying into 
when thc c m t  plan grading is implemented. This includes providing ~mmendatioas  for 
subdrain tie-ins, removal geometries, and h e r  slnticipted conditions. These details are best 
provided at the 40-scale plan review stage when Alton Parkway w i n g  is complete, 

Several clay and bentonitic clay beds were noted in borings excavated at the site. These clay 
beds often form the base of landslides or significantly reduce the stability of slopes which 
they underlie. Thii clay beds, which are highly or very highly expansive, can also damage 
building foundations if they are within approximately 10 feet of frnished surface grades. It 
may tK prudent during the &scale plan review stage to further investigate their chamkr 
and extent of these clays. 

Thenaturetl dopesadjacentto the ww sideof Borrego Wash range from 5:l to I d l y  near 
vertical, Tbese slopes are underlain by granular bdrock, tmw -rials, and alluvium. The 
native earth units are subject to erosion and should be evaluated accordingly at the 40-scale 
grading plan review stage. 

The natural slope at the northeast corner of the project sadjacent to Lot 656 is subject to 
erosion and possible debris flow. This slope should k evaluated accordingly at the 40-scale 
grading plan review stage. 

3.20 Geotechnlcaf Obsewation and Te9Ung During Gmdlng 

The flrpdings, mnchrsions and recommendations in this report are bawd upon interpretation of 
data and data pints having limited spatial extent. These Rccommcndations should be further 
updated b a d  upon a review of more h i f e d  40-scale plans. Verification and refmement of 
actual geotechnical conditions during grading is also essential, especially where slope 
stabilization is involved. At minimum, geotechnicrrl observation and testing should be conducted 
during grading operat ions at the following stages: 

a M n g  and following clearing and grubbing, prior to site processing; 

During demoiit ion of existing structures, foundations or other existing site improvements; 
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During and following medial removals to evduate the removal tmttom; 

During and following cutting of slopes and excavation of slope stabilization measures; 

During installation of subhiins and hackdrains; 

I)lrring excavation of design cut or transition lots; 

During placement of compacted fill; 

During construction of utility lines (if applicable); 

During and upon completion of excavations for storm drain structures and during trench 
backfill; and 

When any unusual or unexpected gwmhnical conditions are encountered dlrring g d h g  
a d  oonstruction. 
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4.0 LIMITATIONS 

This ~eport has been prepared for the exclusive use of ow client, Shea Homes, b a d  on the 
specific scope of sewices quested by Shea Homes for the Baker Ranch project described 
herein. This "port or its contents h u l d  not Ix wed or relied u p n  for other projects or by other 
parties *ut the cmsent of NMG a d  the involvement of a - h id  professional. The 
means and m&& wed by NMG for this study are based in part on h a 1  geotahuid standards 
of practice, are, and requhmcnts of governing agencies. No warranty or guamfccr expms or 
implied is given. 

The fhdhgs, conclusions, and wcommendations are p r o f w i d  opinions based on 
inteqmtatiuns and inferences made from geologic and engkering data from specific locations 
and depths, obsewed or collected at a given time. By nature, gedogic conditions can vary from 
point to point, can be very different in ktween pints, aad can also change over time. Grading 
and other project plans also are still being developed. Therefore, our conclusions and 
remnmm&ons are by nature preliminary and m subject to verification and ~ b I e  
m o d i d o n  as plans develop. 

Inherently, geutechnical c e c o ~ d a t i o n s  are also preliminary until the gedechnical consultant 
observes and tests exposed subsurface conditions during grading and construction. The 
mmmendations in p b  at that time are subject to m o d i d o n  at the discdon of the 
geotechnical consultant de-g upon exposed geotechnical conditions. 
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SITE LOCATION AND Sf lSMlC HAZARDS MAP 
BASE: U.S.G.S. SEISMIC HAZARDS MAP, 

EL TOR0 QUADRANGLE 
Dated: January 17,2001 

P r o ~ k m t m  1002841 
BAKE RANCH, TENTATIVE TRACT 16466 PmwNarr: smBThnb cm OF LAKE FOREST, CA. 
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TERMS FOR THE DESCRIPTION OF SOIL 
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